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(54) Filter for a cigarette and a filter-tipped cigarette 



(57) A filter for a cigarette and a filter-tipped ciga- 
rette having a high degree of freedom in control of filter- 
ing-efficiency of smoke are provided. The filter has a 



core 1 0 and a sheath 12 made preferably of tow of cel- 
lulose acetate fibers. A plurality of axial passages 16 is 
formed between the core and the sheath and extend 
continuously between both end faces of the filter. 
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Description 
Technical Field 

[0001] The present invention relates to a filter for a 
cigarette, and a filter-tipped cigarette using the filter 

Background Art 

[0002] A cigarette filter is known which has a central 
axial extending passage therethrough, or which has a 
plurality of axialty extending passages at or in the pe- 
ripheral portion thereof. 

[0003] In use, such a filter delivers part of the smoke 
of the cigarette directly to the smoker through the pas- 
sage^). This non-filtered smoke locally spreads in the 
smoker's mouth , and the smoker can therefore enjoy not 
only a mild smoking feeling but also the original aroma 
or flavor of the cigarette, provided that there is an ap- 
propriate ratio of the quantity of non-filtered smoke di- 
rectly delivered to the smoker through the passage(s) 
to that of filtered smoke delivered to the smoker through 
a filter material. 

[0004] This ratio of smoke quantities is greatly influ- 
enced by the size of the central passage (or the number 
and arrangement of the peripheral passages) and the 
axial air-flow resistance of the filter material. It is there- 
fore desirable to facilitate control of the this ratio. Espe- 
cially, the quantity of non-filtered smoke directly deliv- 
ered to the smoker is important for providing the original 
taste and aroma of the cigarette to the smoker. 
[0005] The non-filtered smoke in the passage(s) may 
be diluted by ventilation air introduced from outside to 
give a milder smoke. However, it is difficult to introduce 
such ventilation air into a central passage. In a filter hav- 
ing passages located at or close to the outer peripheral 
surface of the filter, ventilation air from outside can be 
introduced directly into the passages. In this filter, how- 
ever, the direct introduction of the ventilation air is apt 
to alter extremely the axial air-flow resistance of the filter 
and to give a poor smoking result; it is difficult to control 
precisely the amount of ventilation air (and hence dilut- 
ing ratio of the non-filtered smoke) whilst keeping the 
axial air-flow resistance of the filter within a desired 
range. 

[0006] The first object of the present invention is to 
provide a filter for a cigarette and a filter-tipped cigarette 
which are appropriate for controlling the ratio of the 
quantity of non-filtered smoke to that of the filtered 
smoke and suitably deliver a taste and aroma of the cig- 
arette. The second object of the present invention is to 
provide a filter for a cigarette and a filter-tipped cigarette, 
which can keep the original taste and aroma of the cig- 
arette and provide a milder smoke. 

Disclosure of the Invention 

[0007] The first object is achieved by a filter for a cig- 



arette, comprising an assembly of: a cylindrical filtering 
core; a tubular filtering sheath surrounding said core; 
and, between said core and said sheath, passages 
spaced circumferentialty around said core and extend- 
5 ing continuously between open ends at the two ends of 
the assembly. 

[0008] When a filter-tipped cigarette using the filter is 
smoked, part of the smoke of the cigarette passes 
through the core and the sheath and subsequently is 

10 delivered to the smoker. The remaining part of the 
smoke is directly delivered to the smoker through the 
axial passages. Since the passages are provided be- 
tween the core and the sheath, non-filtered smoke can 
easily reach the smoker's palate. As a result, even a 

is small quantity of non-filtered smoke enables the smoker 
to enjoy the original taste and aroma of the cigarette. In 
other words, the taste and aroma of the cigarette are 
neither too strong nor too mild, and the smoker can en- 
joy the aroma and the flavor of the cigarette satisfacto- 

20 jily. 

[0009] It is preferable that the sheath has a thickness 
of 1 to 3 mm, the ratio of the core diameter to the thick- 
ness of the sheath is 0.7 to 6, and there are 3 to 25 pas- 
sages. 

2 $ [0010] The axial air-fiow resistance of the sheath may 
be different from that of the core, and the former is pref- 
erably higher than the latter. In this case, the quantity of 
smoke flowing in the core is larger than that flowing in 
the sheath. 

30 [0011] The second object of the invention is accom- 
plished by adding air introducing means to the above- 
mentioned filter. Ventilation air is introduced into the 
passages through the sheath and dilutes the smoke 
flowing in the passages so that the filter will provide the 
35 smoker a milder smoke. 

[001 2] The passages may be provided by longitudinal 
grooves at the outer peripheral surface of the core and/ 
or the inner peripheral surface of the sheath. 
[0013] When the core has the longitudinal grooves, 
40 these may be provided by thermoforming the outer pe- 
ripheral surface of the core or using a corrugated wrap- 
per or a tubular element at the outer peripheral surface 
of the core; the inner peripheral surface of the sheath 
may be formed by thermoforming the inner peripheral 
45 surface of the sheath or using an outer wrapper sur- 
rounding the core. In this case, the passages are de- 
fined between the longitudinal grooves of the core and 
the inner peripheral surface of the sheath. Air permea- 
bility may be imparted to both the inner and outer pe- 
so ripheral surfaces of the sheath so that ventilation air 
flows radially into the sheath and then into the passages. 
[0014] When the sheath has the longitudinal grooves, 
these may be provided by thermoforming the inner pe- 
ripheral surface of the sheath or using a corrugated 
55 wrapper or a tubular element at the inner peripheral sur- 
face of the sheath; the outer peripheral surface of the 
core may be formed by thermoforming the outer periph- 
eral surface of the core or using a wrapper surrounding 
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the core, in this case, the passages are defined between 
the outer peripheral surface of the core and the longitu- 
dinal grooves of the sheath. Air permeability may be im- 
parted to both the inner and outer peripheral surfaces 
of the sheath, or air permeability may be imparted to the 
outer peripheral surface of the sheath and openings 
formed in the sheath in communication with the longitu- 
dinal grooves; in either this case, the ventilation air pass- 
es radially into the sheath from outside and then into the 
passages. 

[0015] Using a cylindrical corrugated wrapper be- 
tween the sheath and the core may form the passages 
between the corrugated wrapper and the sheath and be- 
tween the corrugated wrapper and the core. In this case, 
the corrugated wrapper may or may not have air perme- 
ability. 

[001 6J The passages may be formed in a tubular ele- 
ment which is arranged between the core and the 
sheath. Air permeability may be imparted to the inner 
and outer peripheral surfaces of the sheath, with open- 
ings in the tubular element connecting the sheath to the 
passages. 

[001 7] The passages may have a total cross-section- 
al area of 1 to 3 mm 2 . In this case, a desirable amount 
of non-filtered smoke flows in the passages. 
[0018] The filter may include a cylindrical tip element, 
which may comprise a filter material. The tip element 
may have a length from 2 to 20 mm, which is corre- 
spondingly 8 to 60 % of the overall length of the filter, 
and an axial air-flow resistance of 80 or less mmH 2 0/ 
25 mm. The tip element makes it easier to adjust the 
axial air-flow resistance of the whole filter. 
[0019] The core and the sheath may be made from 
different materials or the same material. The filter ma- 
terial is preferably tow of cellulose acetate. 

Brief Description of Drawings 

[0020] 

FIG. 1 is a perspective view of a filter-tipped ciga- 
rette; 

FIG. 2 is an end view of a filter, 

FIG. 3 is a longitudinal sectional view of the filter of 

FIG. 2; 

FIG. 4 is an end view of a filter in aocordance with 
an embodiment 1; 

FIG. 5 is a cross-sectional view of the corrugated 
wrapper of FIG. 4; 

FIG. 6 is an end view of a filter in accordance with 
an embodiment 2; 

FIG. 7 is an end view of a filter in accordance with 
an embodiment 3; 

FIG. 8 is an end view of a filter in accordance with 
an embodiment 4; 

FIG. 9 is an end view of a filter in accordance with 
an embodiment 5; 

FIG. 1 0 is an end view of a filter in aocordance with 



ar embodiment 6; 

FIG. 11 is an end view of a filter in accordance with 
an embodiment 7; 

FIG. 12 is an end view of a filter in accordance with 
5 an embodiment 6; 

FIG. 13 is a graph showing the results of a smoking 
test of a filter-tipped cigarette; 
FIG. 14 is a graph showing the results of a smoking 
test of a filter-tipped cigarette; 
10 FIG. 15 is a cross-sectional view showing a modi- 
fied example of the corrugated wrapper; 
FIG. 16 is a view showing modified examples of a 
core and a sheath; 

FIG. 1 7 is an end view of a filter shown as a modified 
example; and 

FIG. 18 is a view showing a modified example of 
the filter-tipped cigarette. 

[0021] Referring to FIG. 1 , a filter-tipped cigarette has 
a cylindrical filter 4 at one end thereof. The filter 4 is 
connected to the cigarette 2 by winding a tipping paper 
6 onto the filter 4 and one end of the cigarette 2. Perfo- 
rations 8 are formed in the tipping paper 6. The perfo- 
rations 8 are distributed in the circumferential direction 
of the filter 4 to provide air permeability to the tipping 
paper 6. Instead of the perforations 8, the tipping paper 
6 itself may have air permeability. 
[0022] As can be seen from FIG. 2, the filter 4 has a 
double structure and comprise a cylindrical core 10 and 
a cylindrical sheath 12 surrounding the core 10. The 
core 1 0 and the sheath 1 2 comprises filter material. Var- 
ious kinds of material such as tow or sheet of cellulose 
acetate fibers, or a paper sheet, etc., can be used as 
the filter materials. Preferably, the core 10 and the 
sheath 12 are made of tow of cellulose acetate fibers. 
The axial air-flow resistances of the core 1 0 and the 
sheath 1 2, that is the resistances to draw (RTD) through 
the core 10 and the sheath 12, can be different from 
each other. RTD of the sheath 12 is preferably higher 
than that of the core 1 0. 

[0023] The filter 4 has a boundary region 1 4 between 
the core 10 and the sheath 12. A plurality of axial pas- 
sages 16 is formed in the boundary region 14. These 
passages 1 6 are distributed in the circumferential direc- 
tion of the filter 4 and extend through the overall length 
of the filter 4 as shown in FIG. 3. 
[0024] Preferably, the outer peripheral surface of the 
sheath 12 and the boundary region 14 have air perme- 
ability. 

[0025] When the core 1 0 of diameter D and the sheath 
12 are made of tow of cellulose acetate fibers, the 
number N and the overall cross-sectional area of the 
passages 1 6 are preferably 3 to 25 and 1 to 3 mm 2 , re- 
spectively. The thickness Tof the sheath 1 2 is preferably 
from 1 to 3 mm. D/T is preferably from 0.7 to 6. The total 
RTD of the filter 4 is preferably from 80 to 1 60 mmH^O, 
more preferably 105 to 135 mmH 2 0. 
[0026] When the filter-tipped cigarette using the filter 
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4 is smoked, part of the smoke of the cigarette 2 is di- 
rectly delivered to the smoker through the axial passag- 
es 16. The remaining part of the smoke passes through 
the core 10 and the sheath 12 and is then delivered to 
the smoker. The non-filtered smoke locally spreads 
within the mouth of the smoker. As a result, an adequate 
feeling of the smoke of the cigarette 2 can be provided 
to the smoker even if the quantity of non-filtered smoke 
is small. The smoker therefore can enjoy flavor and 
scent of the cigarette 2 itself. 

[0027] Part of the tar and nicotine contained in the 
smoke passing through the core 10 and the sheath 12 
is caught by the filter materials of the core 10 and the 
sheath 12 so that a mild smoke can be provided to the 
smoker. 

[0028] When the outer peripheral surface of the 
sheath 12 and the boundary region 14 have air perme- 
ability, ventilation air is introduced into the sheath 12 
through the perforations 8 of the tipping paper 6 during 
smoking of the filter-tipped cigarette. A part of the ven- 
tilation air is further introduced into the axial passages 
16 through the boundary region 14. The smoke passing 
through the axial passages 16 is therefore diluted with 
the ventilation air, and the smoking feeling is further 
milder. As a result, the quantity of non-filtered smoke 
directly delivered to the smoker can be reduced, and the 
tar and nicotine delivered to the smoker are further re- 
duced. 

[0029] The amount of ventilation air introduced into 
the filter 4 through the perforations 8, that is the degree 
V F of filter ventilation, is desirably from 30 to 80 % of the 
total flow (including the smoke of the cigarette 2) sucked 
by the smoker through the filter-tipped cigarette. 
[0030] Since the filter 4 has the double structure of 
the core 10andthesheath12,itis possible to i ndepend- 
ently determine the RTDs and smoke filtering efficien- 
cies of the core 10 and the sheath 12. As a result, de- 
grees of freedom with respect to the amounts of tar and 
nicotine delivered by the filter-tipped cigarette are in- 
creased. 

[0031] The dilution ratio of the smoke passing through 
the axial passages 16 can be also controlled by adjust- 
ing the RTD of the sheath 1 2 and the air permeability of 
the boundary region 14. Further, adjustments of the total 
opening area of the perforations 8 and the air permea- 
bility of the outer peripheral surface of the sheath 1 2 can 
also control the dilution ratio. Accordingly, the degree of 
freedom in the dilution ratio control of the non-filtered 
smoke can be also greatly increased. 
[0032] The axial passages 16 of the boundary region 
14 can be formed by longitudinal grooves formed at the 
outer peripheral surface of the core 1 0 or the inner pe- 
ripheral surface of the sheath 12. Further, the axial pas- 
sages 1 6 can be formed in a tubular element arranged 
between the core 10 and the sheath 12. 
[0033] Whilst the non-filtered smoke in the axial pas- 
sages 16 can be diluted with ventilation air. this is not 
essential, so that the outer peripheral surface of the 



sheath 12 and the boundary region 14 are therefore not 
necessarily air permeable in which case perforations 8 
may also be omitted. 

[0034] Embodiments of the filter will next be ex- 
5 plained, in which tow of cellulose acetate fibers is com- 
monly used as the filter material of the core 1 0 and the 
sheath 12. 

Grooved core type 

10 

Embodiment 1 

[0035] In the filter 4 of FIG. 4. tow of the core 1 0 is 
wrapped in a corrugated wrapper 18. The corrugated 

*s wrapper 18 provides a corrugated outer peripheral sur- 
face to the core 10. The outer peripheral surface of the 
core 10 has therefore a plurality of longitudinal grooves 
20 extending in the axial direction of the filter 4. The 
number of longitudinal grooves 20 is suitably 4 to 17. 

20 The longitudinal grooves 20 suitably have a depth of 
0.15 to 0.45 mm. As shown in FIG. 5, the corrugated 
wrapper 18 is preferably made of a laminated paper 
which may have a three-layer structure. For example, 
the laminated paper has a polyethylene layer 18c and 

25 pufo layers 1 8s laminated on both sides of the layer 1 8c. 
The laminated paper can be easily shaped into the cor- 
rugated wrapper 1 8 by thermal molding. The corrugated 
wrapper 1 8 is not limited to laminated paper. Various 
kinds of paper and other materials can be used for the 

-30 corrugated wrapper. 

[0036] An outer wrapper 22 surrounding the corrugat- 
ed wrapper forms the inner peripheral surface of the 
sheath 12. The outer wrapper 22 and the longitudinal 
grooves 20 define the axial passages 16. The outer 

35 wrapper 22 preferably has air permeability. For exam- 
ple, the outer wrapper 22 can be of highly porous paper 
(2000CU. i.e.. 2,000 Coresta units). 
[0037] Tow of the sheath 1 2 is wrapped in a plug wrap- 
per 24 having air permeability. The plug wrapper 24 

to forms the outerperipheral surface of thesheath 12. Plug 
wrapper for a normal filter rod is used as the plug wrap- 
per 24. 

[0038] The RTDs of the core 10 (including the axial 
passages 16) and the sheath 12 in the axial direction of 

45 the filter 4 are respectively denoted by references P CA 
and P s . In this case, the ratio R1 (=Ps/Pca) ls from 0 3 
to 4.0 and is preferably about 2.0. For example, when 
the ratio R1 is about 2, tow specifications of the core 10 
and the sheath 12 are respectively about 1.7/38000 (i. 

so e., 1.7 filament denier/38,000 total denier; this applies 
to similar expressions appearing hereinafter unless oth- 
erwise specified) and about 5/55000. The tow specifi- 
cations of the core 1 0 and the sheath 1 2 can be respec- 
tively selected from a range of 1 .5/38000 to 5/1 7000 and 

55 a range of 2.5/45000 to 5/55000. 

[0039] When the f ilter4 of FIG. 4 is manufactured, tow 
for the core 10 is first wrapped in the corrugated paper 
so that a core rod is formed. Thereafter, the core rod is 
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further wrapped in the outer wrapper. Tow for the sheath 
12 envelopes the outer side of the outer wrapper. The 
tow for the sheath 1 2 is wrapped in the plug wrapper so 
that a filter rod is formed. The filter 4 can be obtained 
by cutting the filter rod to a predetermined length. 

Embodiment 2 

[0040] In the case of filter 4 of FIG. 6, the outer pe- 
ripheral surface of the core 10 is formed by thermofor- 
ming. The thermoforming forms a plurality of longitudi- 
nal grooves 26 on the outer peripheral surface of the 
core 10. These longitudinal grooves 26 extend in the ax- 
ial direction of the core 10. 

[0041] The sheath 12 has an inner peripheral surface 
formed by thermoforming or a core outer wrapper. The 
inner peripheral surface of the sheath 1 2 has air perme- 
ability. The inner peripheral surface of the sheath 1 2 and 
the longitudinal grooves 26 define the axial passages 
16. The outer peripheral surface of the sheath 12 is 
formed by wrapping tow of the sheath 1 2 in a plug wrap- 
per 24 having air permeability, or is formed by thermo- 
forming. The filter 4 of FIG. 6 also has the above-men- 
tioned ratio R1 (= Ps/Pca)- 

[0042] When the outer peripheral surface of the core 
1 0 or the inner or outer peripheral surface of the sheath 
i2isthermoformed, it has air permeability. For example, 
the filter 4 of FIG. 6 can be obtained by using the man- 
ufacturing technique disclosed in USP 4.022,2221, so 
that the filter 4 has the core 10 with the longitudinal 
grooves 26 and the sheath 12. 

Embodiment 3 

[0043] In the case of filter 4 of FIG. 7. a tubular ele- 
ment 28 is a boundary region between the core 1 0 and 
the sheath 12. A plurality of longitudinal grooves 30 is 
formed on the outer peripheral surface of the tubular el- 
ement 28. The tubular element 28 is made of synthetic 
resin such as polypropylene, polyethylene, etc. or of bi- 
odegradable polymer such as acetate, etc. 
[0044] The sheath 12 has an air permeable inner pe- 
ripheral surface formed by thermoforming or by an outer 
wrapper around element 28. The inner peripheral sur- 
face of the sheath 12 and the longitudinal grooves 30 
define the axial passages 16. A plug wrapper or ther- 
moforming can form the outer peripheral surface 24 of 
the sheath 12. The filter 4 of FIG. 7 also has the above- 
mentioned ratio R1 (= P^Pca) 

[0045] The filter 4 of FIG. 7 can be manufactured by 
guiding tow for the core 10 into the tubular element 28 
together with extrusion molding of the tubular element 
28 and then forming the sheath 12 outside the tubular 
element 28. 



Grooved sheath type 
Embodiment 4 

5 [0046] In the case of filter 4 of FIG. 8, a corrugated 
wrapper 32 having air permeability forms an inner pe- 
ripheral surface of the sheath 12. In the case, thermo- 
forming or a wrapper having air permeability forms the 
outer peripheral surface of the core 1 0. The corrugated 
10 wrapper 32 is wound around the outer peripheral sur- 
face of the core 10. The axial passages 16 are therefore 
defined between the corrugated wrapper 32 and the out- 
er peripheral surface of the core 1 0. Tow of the sheath 
12 surrounds the outer side of the corrugated wrapper 
15 32 and thermoforming or the plug wrapper forms the out- 
er peripheral surface 24 of the sheath 12. 

Embodiment 5 

so [0047] In the case of filter 4 of FIG. 9, thermoforming 
forms the inner peripheral surface of the sheath 12 with 
longitudinal grooves. In this case, thermoforming or a 
wrapper having air permeability forms the outer periph- 
eral surface of the core 1 0. The other structural feature 
ss of the filter 4 of FIG. 9 are similar to those of the filter of 
FIG. 6. 

[0048] In the case of the filter 4 of FIG. 9, the RTDs 
of the core 1 0 and the sheath 1 2 (including the axial pas- 
sages 16) are respectively denoted as references Pc 
30 and PSA. In this case, the ratio R2 (=P S a /p c) fe prefer- 
ably from 0.2 to 0.4. For example, when the ratio R2 is 
about 0.3, tow specifications of the core 10 and the 
sheath 12 are respectively about 6/35000 and about 
7/68000. The tow specifications of the core 10 and the 
35 sheath 12 can be selected from respective ranges of 
2.8/31 000 to 7/34000 and 2.0/36000 to 7/68000. 

Embodiment 6 

40 [0049] In the case of filter 4 of FIG. 10, longitudinal 
grooves 30 are formed on the inner peripheral surface 
of the tubular element 28 and each has a communica- 
tion hole 34 communicating with sheath 12. The com- 
munication holes 34 can therefore guide ventilation air 
« introduced into the sheath 12 into the longitudinal 
grooves 30. The other structural feature the filter 4 of 
FIG. 1 0 are similar to those of the filter of FIG. 7. 

Composite type 

50 

Embodiment 7 

[0050] In the case of the filter of FIG. 1 1 , thermoform- 
ing or a wrapper having air permeability forms the outer 
55 peripheral surface of the core 10 and the inner periph- 
eral surface of the sheath 12. A corrugated wrapper 36 
is arranged between the co re 10 and the sheath 12. The 
corrugated wrapper 36 forms axial passages 1 6 with the 
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outer peripheral surface of the core 1 0 and the inner pe- 
ripheral surface of the sheath 12. In this case, the cor- 
rugated wrapper 36 may be air permeable or imperme- 
able. When the corrugated wrapper 36 is not air perme- 
able, the non-filtered smoke passing through the axial 
passages 16 at the inner peripheral surface of the 
sheath 12 is diluted with ventilation air, whereas that 
passing through the other passage is not. Thermoform- 
ing or a plug wrapper forms the outer peripheral surface 
24 of the sheath 12. 

Tube type 

Embodiment 8 

[0051] In the case of the filter 4 of FIG. 1 2, a tube 38 
is arranged between the core 1 0 and the sheath 12 and 
has the axial passages 16 therein. Similar to the case 
of the above-mentioned tubular element 28, the tube 38 
is made of synthetic resin such as polypropylene, poly- 
ethylene, etc., or biodegradable polymer such as ace- 
tate, etc. Holes 40 in tube 38 give communication be- 
tween axial passages 1 6 and sheath 1 2. Th ermof orrni ng 
or a plug wrapper forms the outer peripheral surface 24 
of the sheath 12. 

[0052] In this case, the ratio R1 of the RTD of the 
sheath 12 to that of the core 10 is preferably about 2.0. 
Tow specifications of the core 1 0 and the sheath 12 are 
respectively from 1 .5/3800 to 5/17000 and 2.5/45000 to 
5/50000. 

[0053] The filter 4 of FIG. 12 is manufactured by in- 
troducing tow for the core 10 into the tube 38 together 
with extrusion molding of the tube 38 and forming the 
sheath 12 outside the tube 38. 

[0054] FIGS. 13 and 14 show the results of a smoking 
test with respect to a filter-tipped cigarette having the 
above filter 4. 

[0055] When there is no air permeability between the 
sheath 12 and the axial passages 1 6, the degree Vp(0) 
of filter ventilation hardly changed with change of total 
RTD of the filter 4, as clearly seen from FIG. 13, and the 
discharge of tar (•) from the filter 4 is also not changed 
much. However, when there is air permeability between 
the sheath 12 and the axial passages 1 6, the degree v F 
(CO of filter ventilation increases as the RTD of the filter 
4 is increased, and the discharge (t) of tar is greatly re- 
duced. 

[0056] The increase in the degree V F of filter ventila- 
tion means that more ventilation air is introduced into 
the axial passages 1 6 through the sheath 12. The non- 
filtered smoke passing through the axial passages 1 6 is 
thus more diluted with the ventilation air. As a result, the 
amount of the non-filtered smoke delivered to a smoker 
is reduced and the amount of tar discharged from the 
filter-tipped cigarette is reduced. 
[0057] Accordingly, it is desirable to secu re the air per- 
meability between the sheath 12 and the axial passages 
1 6 and increase the RTD of the filter 4 so as to reduce 



the amount of tar discharged. When the RTD of the filter 
4 is excessively increased, however, it becomes too dif- 
ficult for the smoker to draw. 

[0058] The amount of tar discharged is also greatly 
s changed in accordance with the above-mentioned re- 
sistance ratio R. As a result of the smoking test, it is 
confirmed that th e amount of tar discharged is increased 
as the resistance ratio R is increased. This is because 
the RTD of the core 10 is reduced and the amount of 
10 the non-filtered smoke passing through the axial pas- 
sages 1 6 is increased so that the tar-filtering effect of 
the core 1 0 is reduced. 

[0059] FIG. 14 similarly shows the relation between 
the amount of tar discharged, the degree VF of filter ven- 

15 tilation, and the overall cross-sectional area of the axial 
passages 16. As clearly seen from FIG. 14. when there 
is no air permeability between the sheath 12 and the 
axial passages 1 6 and the overall cross-sectional area 
of the axial passages 1 6 is increased, the degree VF(O) 

20 of filter ventilation is reduced and the discharge (•) of 
tar is increased. In contrast to this, when there is air per- 
meability between the sheath 1 2 and the axial passages 
16, the degree Vp((Z$ of filter ventilation is not changed 
so much and the discharge (♦) of tar is gradually in- 

25 creased even if the overall cross-sectional area of the 
axial passages 16 is increased. The amount of tar dis- 
charged can therefore be controlled with high accuracy 
by adjusting the overall cross-sectional area of the axial 
passages 16. 

30 [0060] Accordingly, in accordance with the filter 4 of 
the present invention, changing the RTD and the resist- 
ance ratio R of the filter 4 and the overall cross-sectional 
area of the axial passages 1 6 can control the amount of 
tar discharged. Further, the degree of freedom of this 

35 control is very high. As a result, it is possible to easily 
obtain a filter-tipped cigarette having an amount of tar 
discharged equal to or smaller than 3 mg, for example. 
[0061] According to the result of the smoking test, the 
ratio of CO to tar (C/T) in the filter-tipped cigarette hav- 

40 ing the filter 4 is reduced in comparison with a normal 
filter-tipped cigarette. 

[0062] As shown in FIG. 1 5, each of above corrugated 
wrappers 1 8, 32 and 36 may be made of charcoal paper 
in which particles 42 of activated carbon are uniformly 

45 distrtouted in paper material having air permeability. 
Particles 42 of activated carbon may be uniformly dis- 
tributed within tow of the core 10 or the sheath 12 as 
shown in FIG. 1 6. The particles 42 of activated carbon 
within the corrugated wrapper, the sheath or the core 

50 adsorb vapor phase components in the smoke from the 
cigarette 2. 

[0063] The communication holes 40 of the tube 38 of 
FIG. 1 2 can be omitted as shown in FIG. 1 7. In this case, 
it is impossfole to introduce ventilation air into the axial 
55 passages 1 6 in the tube 38 to dilute the non-filtered 
smoke passing through the axial passages. The filter of 
FIG. 17 has, however, advantages in that the interior of 
the filter has the double structure of the core 10 and the 
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sheath 12. 

[0064] FIG. 17 shows only one example in which the 
passages 16 are not ventilated. In each of the embodi- 
ments of FIGS. 4, 6 to 8 f 10 and 1 1 . the inner peripheral 
surfaces of the sheath 12 and the corrugated wrapper 
18 may be air-impermeable, and the communication 
holes 34 of the tube element 28 can be omitted. Further, 
when passages 16 are not to be ventilated, the outer 
peripheral surface of the sheath 12 may be air-perme- 
able in each of the embodiments of FIGS. 4 and 6 to 1 1 . 
and air permeability of the tipping paper 6 is also not 
required. 

[0065] As shown in FIG. 1 8, the filter 4 may abut a tip 
element 44. For example, the tip element 44 is a so- 
called plain filter element formed by wrapping tow of cel- 
lulose acetate fibers in a plug wrapper 46. The tip ele- 
ment 44 is in close contact with the end face of the filter 
4 away from cigarette 2 and has a length from 2 to 20 
mm, which is 8 to 60% of the total length of the filter 4 
and the tip element 44. The tip element 44 has 30 
mmH 2 0/25mm as the maximum RTD thereof. It is de- 
sirable that the length of the tip element 44 is as short 
as possfcle to retain the original function of the filter 4. 
However, if the RTD of the tip element 44 is reduced, 
the length of the tip element 44 can be adjusted for ease 
of manufacture and assembly with element 44. 
[0066] The filter4 and the tip element 44 are connect- 
ed by connecting paper to form a dual filter. The dual 
filter is connected to cigarette 2 by tipping paper 6. The 
connecting paper has air permeability when there is to 
be ventilation of the filter. 

[0067] In accordance with the filter-tipped cigarette of 
FIG. 18, the tip element 44 is added to the filter so that 
the total RTD of the filter (including the tip element 44) 
may be controlled by the tip element 44. When particies 
42 of activated carbon are included within the core 1 0 
and the sheath 12 of the filter 4, the tip element 44 pre- 
vents dropping of the particles 42 of activated carbon. 
[0068] Further, aptain filter element or a charcoal filter 
element containing particles of activated carbon can be 
arranged instead of the tip element 44 between the filter 
4 and the cigarette 2. Further, the tip element 44 or the 
filter element may be respectively arranged at both ends 
of the filter. 



Claims 

1. A filter for a cigarette, comprising an assembly of: 

a cylindrical filtering core; 
a tub ul ar f i Ite ring sheath su rrou nding said core ; 
and, between said core and said sheath, 
passages spaced circumferentially around said 
core and extending continuously between open 
ends at the two ends of the assembly. 

2. A filter according to claim 1 wherein said sheath has 



a thickness of 1 to 3 mm, the ratio of the diameter 
of said core to the thickness of said sheath is from 
0.7 to 6, and there are 3 to 25 of said passages. 

5 3. A filter according to claim 1 or 2 wherein said sheath 
has an axial air-flow resistance higher than that of 
said core. 

4. A filter according to any preceding claim having 
10 means for introducing air into said passages 

through said sheath. 

5. A filter according to any preceding claim wherein 
said core has a plurality of longitudinal grooves at 

*s the outer peripheral surface thereof, and said pas- 
sages are defined between the longitudinal grooves 
and the inner peripheral surface of said sheath. 

6. A filter according to claim 5 wherein the longitudinal 
20 grooves are provided by a thermoformed outer pe- 
ripheral surface of said core or by a corrugated 
wrapper or a grooved tubular element at the outer 
peripheral surface of said core. 

25 7. A filter according to claim 6 wherein both the inner 
and outer peripheral surfaces of said sheath have 
air permeability. 

8. A filter according to any one of claims 1 to 4 wherein 
30 said sheath has a plurality of longitudinal grooves 

at the inner peripheral surface thereof, and said 
passages are defined between the longitudinal 
grooves and the outer peripheral surface of said 
core. 

35 

9. A filter according to claim 8 wherein the longitudinal 
grooves are provided by a thermoformed inner pe- 
ripheral surface of said sheath or by a corrugated 
wrapper or a grooved tubular element at the inner 

40 peripheral surface of said sheath. 

10. A filter according to claim 9 wherein both the inner 
and outer peripheral surfaces of said sheath have 
air permeability or the outer peripheral surface of 

4 $ said sheath has air permeability and openings are 
formed in said tubular element in communication 
with the longitudinal grooves. 

11. A filter according to any one of claim 1 to 4 having 
so a cylindrical corrugated wrapper arranged between 

said core and said sheath, said passages being de- 
fined between said corrugated wrapper and said 
core and between said corrugated wrapper and said 
sheath. 

55 

12. A filter according to any of claims 1 to 4 having a 
tubular element arranged between said core and 
said sheath and having said passages therein. 
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13. A filter according to claim 12 wherein both the inner 
and outer peripheral surfaces of said sheath have 
air permeability, and openings are formed in said 
tubular element in communication with said pas- 
sages. 

14. A filter according to any preceding claim wherein 
the passages have a total cross-sectional area of 1 
to 3 mm 2 . 



w 



15. A filter according to any preceding claim wherein 
the assembly is in longitudinal alignment with a cy- 
lindrical tip element, said tip element having [a] a 
length from 2 to 20 mm which is correspondingly 
from 8 to 60% of the overall length of said filter, and '5 
[b] an axial air-flow resistance of 80 or less mmHgO/ 

25 mm. 

16. A filter-tipped cigarette having a filter as claimed in 
any preceding claim connected to a cigarette by tip- 20 
ping paper having air permeability. 

17. A fitter for a cigarette, substantially as herein de- 
scribed with reference to the accompanying draw- 
ings. 25 

18. A filter-tipped cigarette, substantially as herein de- 
scribed with reference to the accompanying draw- 
ings. 

30 

19. A fitter for a cigarette, substantially as herein de- 
scribed with reference to the preceding embodi- 
ments. 

20. A filter-tipped cigarette, substantially as herein de- 35 
scribed with reference to the preceding ernbodi- 
ments. 



40 



45 



50 



55 



8 



EP 1 093 728 A1 



FIG. 1 
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FIG. 5 



/ 



18 



FIG. 6 



26(16) 




26(16) 



10 



EP 1 093 728 A1 



FIG. 7 




FIG. 8 
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FIG. 13 
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